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(54) Motor-driven assist unit 

(57) The invention provides a motor-driven assist 
unit capable of enhancing the cooling performance of a 
control board contained In the unit and also of lowering 
the center of gravity of the unit, and to provide a motor- 
driven assist unit capable of containing a control unit 
without enlargement of the motor-driven assist unit, and 
shortening the lengths of a signal line and a power sup- 
ply line. 

A motor-driven assist unit (1) contains an electric 
motor (M) for generating an assist-power in response to 
a leg-power inputted to a crank shaft and a control 
board (82) or control unit (B) for controlling the electric 
motor (M), wherein the assist-power and the leg-power 
are synthesized and the resultant power is transmitted 
to a drive wheel. The motor-driven assist unit is charac- 
terized in that the control board (82) is located at a posi- 
tion offset forwardly, downwardly from the crank shaft 
(101) in a posture of the motor-driven assist unit (1) 
mounted on a body frame (2), and that at least a rotation 
sensor (822) for detecting the rotational speed of the 
crank shaft (101) is mounted on the control board (82), 
and the control board (82) is disposed near a rotor (111) 
rotated in synchronization with the crank shaft (101) in 
such a manner that a positional relationship between 
the rotation sensor (822) and the rotor (1 1 1 ) is kept at a 
predetermined relation. 




Q. 

LU 



Printed by Xerox (UK) Business Services 
2.167 (HRSJ/3.6 



1 

Description 

[0001] The present invention relates to a motor- 
driven assist unit for detecting a leg-power (man-power) 
applied to pedals of a bicycle and electrically generating 5 
an assist-power In response to the detected leg-power, 
and particularly to a motor-driven assist unit containing 
a control board or control unit for controlling an assist- 
power In response to signals supplied from various sen- 
sors. 

[0002] A motor-assisted bicycle including a drive 
system using a leg-power In combination of a drive sys- 
tem using a power of an electric motor, that is, a so- 
called asslst-bicycie is provided with various sensors 
such as a leg-power sensor for detecting a leg-power 
applied to pedals and a rotation sensor for detecting a 
vehicular speed on the basis of a rotational speed of a 
crank shaft or the like, wherein a drive torque of the 
electric motor is controlled on the basis of detection 
results from the sensors. The drive torque of the electric 
motor is controlled, for example, by subjecting power 
transistors connected between a battery and the elec- 
tric motor to chopping control, thereby increas- 
ing/decreasing the amount of a drive current to be 
supplied from the battery to the electric motor. 
[0003] Conventionally, a control board or control 
unit for subjecting power transistors to chopping control 
has been mounted on a vehicle at a suitable position 
separated from a motor-driven assist unit. However, if 
the control board or control unit is mounted outside the 
motor-driven assist unit, a space for mounting the con- 
trol board or control unit must be additionally provided, 
and further wiring for connecting a drive motor in the 
motor-driven assist unit to the external control board or 
control unit must be laid out on a vehicular body, with a 
result that there occurs a problem in degrading the pro- 
ductivity, maintenance performance, and workability. 
[0004] To solve such a technical problem, a motor- 
driven assist unit containing a control board has been 
proposed, for example, in Japanese Patent Laid-open 
No. Hei 8-175462. 

[0005] To solve such a technical problem, a motor- 
driven assist unit containing a control unit has been pro- 
posed, for example, in Japanese Patent Laid-open No. 
Hei 8-175471. 

[0006] According to the prior art motor-driven assist 
unit described in the above former document, it is possi- 
ble to eliminate the need of provision of a control board 
mounting space on a vehicle, and to shorten the wiring 
for connecting the control board and a drive motor. 
[0007] The prior art motor-driven assist unit is con- 
figured such that, to efficiently dispose the control board 
in the motor-driven assist unit, the control board is 
divided into two parts which are disposed in the existing 
spaces of the unit; however, In such a configuration, the 
number of parts constituting the board is large and the 
shape of the board is complicated. Further, the above 
patent document has not examined the cooling perform- 
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ance of the control board and a distribution of weights of 
the control board at all. 

[0008] According to the prior art motor-driven assist 
unit described in the above latter document, It is not 
required to ensure a space for mounting the control unit 
on a vehicle, and it is possible to shorten wiring for con- 
necting the control unit to a drive motor. The motor- 
driven assist unit, however, is required to be provided 
with, for example, a rotation sensor for detecting the 
rotational speed of a crank shaft or the like thereby 
determining the rotational speed of a vehicle, and to be 
required to be made more compact 
[0009] Since an output signal from the rotation sen- 
sor for detecting the vehicular speed is generally repre- 
sented by a pulse signal, if a signal line extending from 
the rotation sensor to the control unit is longer, it is sus- 
ceptible to noise. Also, since a power supply line for 
connecting a battery to the drive motor carries a rela- 
tively large current, the length of the power supply line is 
desirable to be as short as possible. According to the 
prior art, however, a relative positional relationship 
among a contact of a battery, an external electrode 
being in contact therewith, and the control unit has been 
not examined at all, and the external electrode has been 
separated from the control unit. 
[0010] A first object of the present invention is to 
solve the above-described problem of the prior art, and 
to provide a motor-driven assist unit capable of enhanc- 
ing the cooling performance of a control board con- 
tained in the unit and also of lowering the center of 
gravity of the unit. 

[001 1] A second object of the present invention is to 
solve the above-described prior art, and to provide a 
motor-driven assist unit capable of containing a control 
unit without enlargement of the motor-driven assist unit, 
and shortening the lengths of a signal line and a power 
supply line. 

[0012] To achieve the above first object, according 
to the present invention, there is provided a motor- 
driven assist unit, which contains an electric motor for 
generating an assist-power in response to a leg-power 
inputted to a crank shaft and a control board for control- 
ling the electric motor, wherein the assist-power and the 
leg-power are synthesized and the resultant power is 
transmitted to a drive wheel, characterized in that the 
control board Is located at a position offset forwardly, 
downwardly from the crank shaft in a posture of the 
motor-driven assist unit mounted on a body frame. 
[0013] With this configuration, since an effect of air- 
cooling the control board upon running of a vehicle is 
increased, it is possible to improve the cooling efficiency 
of the control board, and since the control board is dis- 
posed at a lower position, it is possible to lower the 
center of gravity of the motor-driven assist unit. 
[0014] To achieve the above second object, accord- 
ing to the present invention, there is provided a motor- 
driven assist unit containing an electric motor for gener- 
ating an assist-power in response to a leg-power input- 
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ted to a crank shaft and a control board therefor, 
wherein the assist-power and the leg-power are synthe- 
sized and the resultant power is transmitted to a drive 
wheel. 

5 

(1) The above motor-driven assist unit is character- 
ized in that at least a rotation sensor for detecting 
the rotational speed of the crank shaft is mounted 
on the control board, and the control board is dis- 
posed near a rotor rotated in synchronization with io 
the crank shaft in such a manner that a positional 
relationship between the rotation sensor and the 
rotor is kept at a predetermined relation. 

(2) The motor-driven assist unit Is also character- 
ized in that the motor-driven unit includes: positive 15 
and negative contacts fixed to one principal plane 

of the unit case in an exposed state; and a power 
supply line for electrically connecting, inside the 
unit case, the positive and negative contacts to the 
electric motor; wherein a battery for supplying a 20 
power to the electric motor is mounted on the prin- 
cipal plane, on which the positive and negative con- 
tacts are fixed in the exposed state, of the unit case, 
to be electrically connected to the positive and neg- 
ative contacts. 25 

[0015] With the feature (1), since the rotation sen- 
sor can be disposed on the control board, even *rf the 
control board is contained in the motor-driven assist 
unit, the motor-driven assist unit is not enlarged. Since 30 
the rotation sensor is mounted on the control board, it is 
possible to shorten a signal line extending from the rota- 
tion sensor to the control board, and hence to suppress 
the inclusion of noise in the signal line. 
[0016] With the feature (2), since the battery can be 35 
directly disposed on the motor-driven assist unit, it is 
possible to shorten the length of the power supply line 
for connecting the motor-driven assist unit to the battery. 
[0017] The present invention configured as 
described above exhibits the following effects: <o 

(1) According to the invention described in claim 1, 
since the control board is not divided into parts, the 
number of parts is reduced and also the control unit 
can be easily mounted. Further, since the effect of 45 
air-cooling the control board upon running of a vehi- 
cle is increased, it is possible to improve the cooling 
efficiency of the control board, and since the control 
board is disposed at a lower position, it is possible 

to lower the center of gravity of the motor-driven so 
assist unit. 

(2) According to the invention described in claim 2, 
it is possible to ensure a necessary area for mount- 
ing the control board by making effective use of the 
existing internal space without deforming an 55 
appearance shape of a lower front portion of the 
motor-driven assist unit, and hence to efficiently 
contain the control board In the motor-driven assist 
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unit 

(3) According to the invention described in claim 3, 
since the circuit part mounting plane of the control 
board is directed inwardly, the maintenance of the 
mounting plane can be easily performed. 

(4) According to the invention described in claim 4, 
since the motor-driven assist unit having a large 
mass is mounted under the body frame, it is possi- 
ble to lower the center of gravity of the motor- 
assisted bicycle. 

(5) According to the invention described in claim 5, 
since the electric motor and battery, each of which 
has a large mass, are disposed on the bottom of the 
vehicle and the central portion of the vehicle in the 
longitudinal direction respectively, it is possible to 
locate the center of gravity at a position under the 
central portion of the vehicle, and hence to improve 
the steerability. 

[0018] The present invention also exhibits the fol- 
lowing effects: 

(1) Since the rotation sensor is provided on the con- 
trol unit and the control unit is disposed so that the 
rotation sensor is disposed near the rotor rotated in 
synchronization with the crankshaft, it is possible to 
eliminate the need of ensuring an additional space 
for mounting the rotation sensor and hence to make 
compact the entire motor-driven assist unit. Since 
the distance between the rotation sensor and the 
control unit can be shortened, it is possible to sup- 
press the inclusion of noise in an output signal from 
the rotation sensor. 

(2) Since the positioning means is provided on the 
control unit to fix the control unit at a specific posi- 
tion of the motor-driven assist unit while keeping a 
specific posture, it is possible to keep the relative 
positional relationship between the rotation sensor 
and the rotor at a predetermined relationship only 
by positioning and fixing the control unit to the 
motor-driven assist unit, and hence to keep a high 
detection accuracy of the rotational speed of the 
vehicle. 

(3) Since the control unit is engaged with the motor- 
driven assist unit by the positioning means provided 
on one side portion of the control unit and is fas- 
tened to the motor-driven assist unit by the fasten- 
ing means provided on the other side portion of the 
control unit, it is possible to simplify the fastening 
structure and to reduce the number of parts. 

(4) Since the large-diameter gear is disposed on 
the crank shaft and the control unit is laid out in a 
space around the crank shaft, it is possible to detect 
the rotational speed of the crank shaft by detecting 
the rotational speed of the large-diameter gear. 

(5) Since the control unit is disposed in front of and 
under the crank shaft in a posture of the motor- 
driven assist unit mounted to the body frame, it is 
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possible to increase an effect of air-cooling the con- 
trol unit, and hence to improve the efficiency of 
cooling the control unit 

(6) Since the sensor for outputting an electric signal 

in response to a leg-power is contained in the s 
motor-driven assist unit, it is possible to further min- 
iaturize the motor-driven assist unit by making 
effective use of a dead space of the inside of the 
case of the unit Also since it is not required to 
extract of the cord (lead wire) of the leg-power sen- w 
sor outside the unit, it is possible to further enhance 
the hermetic characteristic of the unit 

(7) Since the positive and negative contacts are 
provided on the outer surface of the case of the 
motor-driven assist unit, the battery can be directly is 
brought into contact with the motor-driven assist 
unit, to thereby shorten a power supply line for con- 
necting the motor-driven assist unit to the battery. 
Also since the battery is sub-assembled with the 
motor-driven assist unit, it is possible to make com- 20 
pact the entire structure of the motor-assisted bicy- 
cle and improve the handling of the bicycle. 

(8) Since the control unit is disposed above the 
crank shaft in a posture of the motor-driven assist 
unit mounted to the body frame, if the battery is 25 
mounted with its longitudinal direction taken along 
the seat post, the battery is disposed on the control 
unit, with a result that it is possible to shorten wiring 

for connecting the control unit to the battery. Also 
since the heavy members are collectively disposed 30 
at a central portion of the vehicular body, it is possi- 
ble to locate the center of gravity of the vehicular 
body at the central portion of the vehicular body. 

[0019] Hereinafter, the present invention will be 35 
described in detail with reference to the drawings. It is 
illustrated in: 

Fig.1: 

A side view of a motor-assisted bicycle to ao 
which a motor-driven assist unit of the present 
invention is applied; 
Fig. 2: 

A right side view showing an essential portion 
of the bicycle shown in Fig. 1 . 45 
Fig. 3: 

An enlarged view of an essential portion shown 
In Fig. 1. 
Fig. 4: 

A side view of a first embodiment of the motor- so 
driven assist unit of the present invention, with parts 
partially cutaway. 
Fig. 5: 

A sectional view, taken on line A-A of Fig. 2, 
showing gear trains. 55 
Fig. 6: 

A sectional view, taken on line B-B of Fig. 2, 
showing gear trains. 



Fig. 7: 

A side view of a second embodiment of the 
motor-driven assist unit of the present invention, 
with parts partially cutaway. 
Fig. 8: 

A sectional view, taken on line A-A of Fig. 7, 
showing gear trains. 
Fig. 9: 

A sectional view, taken on line B-B of Fig. 7, 
showing gear trains. 
Figs. 10(a) to 10(c): 

Views illustrating the function of a first idle 
shaft. 
Hg.11: 

A side view of a motor-driven assist unit, a bat- 
tery housing case, and their neighborhoods. 
Fig. 12: 

A view illustrating a method of inserting/remov- 
ing a battery in/from a battery housing case. 
Fig. 13: 

A plan view of an operation/display panel of a 
residual power meter provided on the battery. 
Fig. 14: 

A side view of a third embodiment of a motor- 
driven assist unit to which the present invention is 
applied. 
Fig. 15: 

A top view showing the inside of a bottom por- 
tion of a battery housing case. 
Fig. 16: 

A side view of a fourth embodiment of a motor- 
driven assist unit, with parts partially cutaway. 
Fig. 17: 

A sectional view taken on line A-A of Fig. 16 
showing gear trains. 
Fig. 18: 

A sectional view showing a method of mount- 
ing a control unit. 

Fig. 1 is a left side view of a motor-assisted bicycle to 
which the present invention is applied; Fig. 2 is a right 
side view showing an essential portion of the bicycle 
shown in Fig. 1 ; and Fig. 3 is an enlarged view showing 
an essential portion of the bicycle shown in Fig. 1. 
[0020] Referring to Fig. 1, a body frame 2 of a 
motor-assisted bicycle according to the present inven- 
tion includes a head pipe 21 positioned on the front side 
of a body of the bicycle; a down pipe (main frame) 22 
extending rearwardly, downwardly from the head pipe 
21 and being at its lower portion curved in a downwardly 
projecting shape; and a seat post 23 raised upwardly, 
rearwardly from a portion, near the lower end, of the 
down pipe 22. 

[0021] The seat post 23 is integrally connected to 
the down pipe 22, and accordingly, the body frame 2 is 
formed into a U-shape projecting downwardly as a 
whole. Since the seat post 23 extends upwardly, rear- 
wardly from the connection portion with the down pipe 
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22 and the down pipe 22 extends forwardly, upwardly 
from the connection portion with the seat post 23, a gap 
between the seat post 23 and the down pipe 22 
becomes larger toward the upper side from the connec- 
tion portion therebetween. As a result, when getting on 
and off the bicycle, a rider is easy to stride across the U- 
shaped body frame 2. 

[0022] The connection portion between the down 
pipe 22 and the seat post 23 and its neighborhood are 
covered with a resin cover 33. The resin cover 33, which 
is divided into upper and lower parts, is removably 
mounted. A handle post 27A is turnably inserted In the 
head pipe 21 . A handlebar 27 is connected to an upper 
end of the handle post 27A, and a front fork 26 is con- 
nected to a lower end of the handle post 27A. The front 
fork 26 connected to the handle post 27A is steerable by 
the handlebar 27. A front wheel WF is rotatably sup- 
ported by lower ends of the front fork 26. 
[0023] A motor-driven assist unit 1 including an 
electric motor for assisting a leg-power is provided on a 
lower portion of the body frame 2. A power supply 
switch 29 for the motor-driven assist unit 1 is provided 
on a portion, near the head pipe 21, of the down pipe 
22. It should be noted that the power supply switch 29 
may be provided on the handlebar 27 in front of the han- 
dle post 27A. 

[0024] A crank shaft 101 is rotatably supported by 
the motor-driven assist unit 1 , and pedals 12 are rotata- 
bly supported via cranks 1 1 by right and left ends of the 
crank shaft 101. A pair of right and left rear lower arms 
25 extend rearwardly from the motor-driven assist unit 
1, and a rear wheel WR as a drive wheel is rotatably 
supported between rear ends of the rear lower arms 25. 
A pair of right and left rear upper arms 24 are provided 
between an upper portion of the seat post 23 and lower 
ends of the rear lower arms 25. A seat pipe 31 , on an 
upper end of which a seat 30 is provided, is slidably 
inserted in the seat post 23, so that the vertical position 
of the seat 30 can be adjusted by sliding the seat pipe 
31 in the seat post 23. 

[0025] A battery housing case 5 (hereinafter, 
referred to as "housing case") for housing a battery 4 is 
mounted on the back side of the seat post 23 at a posi- 
tion under the seat 30. The battery 4, which contains a 
plurality of battery cells each having a size allowed to be 
housed in a battery case formed into an approximately 
rectangular parallelopiped shape, is disposed along the 
seat post 23 with its longitudinal direction taken nearly 
in the vertical direction. 

[0026] A handle 41 with its grip portion positioned 
on the right side of the vehicular body is mounted on an 
end portion (upper end in Fig. 1 ) of the battery 4 In the 
longitudinal direction. The handle 41 is turnably sup- 
ported by the battery 4, and Is normally withdrawn in a 
recess provided at a corner of the battery 4. Since a 
rider generally stands on the left side of the vehicular 
body, the grip portion of the handle 1 is positioned on 
the right side of the vehicular body with its rotational 



shaft (not shown) disposed at a central portion of the 
vehicular body. With this arrangement, it is easy for the 
rider to raise the handle 41. Further, to allow the rider to 
easily check the residual power of the battery 4 from the 
5 riding position, a battery residue meter 42 is provided at 
a position, offset leftwardly from the seat 30, of the bat- 
tery 4. 

[0027] Referring to Fig. 3, an operating lever 45 for 
locking/unlocking the battery 4 and a wheel lock device 

10 1 00 are disposed behind the battery 4. The operating 
lever 45 is inserted in a side chamber 50 provided 
behind the battery housing case. The side chamber 50 
has a size longer in the vertical direction and an approx- 
imately rectangular shape. An engagement hook 52, 

75 which is biased clockwise on a right side view by a tor- 
sion spring 51 , is provided in a lower portion of the side 
chamber 50. When the battery 4 is inserted in the hous- 
ing case 5, the engagement hook 52 is engaged in a 
recess 47 provided in a lower portion of the battery 4, 

20 whereby the battery 4 is fixed in the housing case 5. The 
recess 47 is formed into an approximately V-shape. 
Since the lower portion of the battery 4 is fixed by the 
engagement hook 52, the housing state of the battery 4 
is stably kept. That is to say, even if the vehicular body 

25 is vibrated, the battery 4 is not moved in both the vertical 
direction and lateral direction. 

[0028] The seat 30 provided on the upper portion of 
the seat post 23 can be turned forwardly, by the unlock- 
ing operation of the lever 65, up to a position at which 

30 the seat 30 does not interfere with the withdrawal of the 
battery 4. However, in the state in which the engage- 
ment hook 52 is engaged in the recess 47, even if the 
seat 30 is turned forwardly, the battery 4 cannot be with- 
drawn upwardly. 

35 [0029] The operating lever 45 is usually biased 
upwardly by a spring (not shown) suspended between 
the operating lever 45 and a wall of the side chamber 
50. In the case of mounting the charged battery 4 to the 
bicycle, the seat 30 is turned forwardly, and the battery 

40 4 is inserted from above into the housing case 5. When 
the battery 4 is almost inserted in the housing case 5, 
the lower end of the battery 4 is brought into contact 
with a side portion of the engagement hook 52 to push 
the engagement hook 52 counterclockwise. Then, when 

45 the battery 4 is further inserted in the housing case 5, 
the engagement hook 52 is elastlcally engaged in the V- 
shaped recess 47 formed in the battery 4, whereby the 
battery 4 is fixed in the housing case 5. At the same 
time, plus (+) and minus (-) output terminals (discharge 

so contacts) provided on the bottom of the battery 4 are 
electrically, mechanically connected to a contact unit 60 
screwed In a battery bracket 49 fixed, typically by weld- 
ing, to the seat post 23. This connection is stable 
because of the dead weight of the battery 4 and the 

55 pressing by the engagement hook 52. 

[0030] In the case of removing the battery 4, the 
operating lever 45 is depressed so that the engagement 
hook 52 is pushed down by the tip of the operating lever 
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45. The engagement hook 52 thus pushed down by the 
tip of the operating lever 45 is turned counterclockwise 
In the figure against the biasing force of the spring 51. 
As a result, the engagement hook 52 is escaped from 
the recess 47. In this way, the engagement of the 
engagement hook 52 in the recess 47 is released. After 
the engagement of the engagement hook 52 in the 
recess 47 is released, the battery 4 can be withdrawn 
upwardly. The handle 41 can be used for withdrawal of 
the battery 4. 

[0031 ] An upper portion of the battery housing case 
5 is fixed, by means of a screw 39, to a bracket 40 fixed, 
typically by welding, to the rear upper arm 24. The 
wheel lock device 100 and the rear fender 34 are also 
fixed to the bracket 40 by means of screws 44a and 44b, 
respectively. 

[0032] A front end of the battery bracket 49 is 
welded to the seat post 23, and a rear end of the battery 
bracket 49 is bolted to both a front end of the rear lower 
arm 25 and a hanger portion 90 of the motor-driven 
assist unit 1. The motor-driven assist unit 1 has two 
hanger portions 91 and 92, in addition to the above 
hanger portion 90. These hanger portions 92, 91 and 90 
of the motor-driven assist unit 1 are bolted to a rear end 
of the down pipe 22, a portion near the front^end of the 
battery bracket 49, and the rear lower arm 25 near the 
rear end of the battery bracket 49, respectively. In this 
way, the motor-driven assist unit 1 is fixedly suspended 
from the body frame 2. It should be noted that since the 
hanger portion 92 is located under the crank shaft 101 
of the motor-driven assist unit 1 , the bottom, that is, the 
lowermost end of the U-shaped body frame 2 can be 
located under the crankshaft 101. 
[0033] Since the bottom of the U-shaped body 
frame 2 is located at the low level as described above, it 
is possible to improve the ease of the rider's striding 
motion across the body frame 2. Further, since the 
motor-driven assist unit 1 is supported at its low level 
hanger portion 92 by the lower end of the down pipe 22, 
that is, disposed at a lower level as a whole, it is possi- 
ble to lower the center of gravity of the motor-driven 
assist unit 1. 

[0034] The motor-driven assist unit 1 contains the 
crank shaft 1 01 , a first idle shaft 1 02, a second idle shaft 
103, an output shaft 105 to which the drive sprocket 13 
is connected, and gears 111, 102d, 102e, and 115 for 
transmitting a power between the shafts 101, 102, 103, 
and 105. The electric motor M having a rotational shaft 
104 disposed in parallel to the crank shaft 101 is 
mounted to the motor-driven assist unit 1 . The reason 
why the rotational shaft 1 04 of the electric motor M Is In 
parallel to the crank shaft 101 is to reduce a portion, 
projecting rearwardly from the motor-driven assist unit 
1, of the electric motor M. This makes it possible to 
reduce a gap between the crank shaft 101 and the rear 
wheel WR and hence to avoid the wheel base from 
becoming longer. 

[0035] A leg-power inputted from the crank shaft 



101 is acceleratedly transmitted to-the-first-idle-shaft 

1 02 and is transmitted from the first idle shaft 1 02 to the 
output shaft 105, to rotate the drive sprocket 113. The 
rotation of the drive sprocket 13 is transmitted to a 

5 wheel sprocket 14 of the rear wheel WR (see Fig. 1 ) via 
a chain 6. The structure of the motor-driven assist unit 1 
will be described in more detail with reference to Figs. 4, 
5 and 6. 

[0036] The battery 4 mounted on the battery 

10 bracket 49 located behind the seat post 23 supplies a 
power to the motor M, and the motor M generates an 
assist-power responding to a leg-power detected by a 
leg-power detecting mechanism (to be described later) 
provided on the first Idle shaft 1 02. The rotation of the 

15 motor M is transmitted to the first Idle shaft 1 02 via the 
second idle shaft 103, and is synthesized with an man- 
power (leg-power) on the first idle shaft 102. The result- 
ant power is then transmitted to the output shaft 1 05. 
[0037] As shown in Figs. 1 and 2, the whole of the 

20 drive sprocket 1 3 and an upper half of the chain 6 are 
covered with a chain cover 32. Since in this bicycle the 
drive sprocket 13 is not concentric with the crank shaft 
1 01 , it is not essential that the chain cover 32 has a cir- 
cular-arc portion centered on the crank shaft 1 01 ; how- 

25 ever, to obtain a good external appearance, prevent the 
catch of the rider's leg, protect the motor-driven assist 
unit 1 , and ensure a conventional familiar image of a 
bicycle, the chain cover 32 is extended in a circular 
shape centered on the crank shaft 101 up to a position 

30 to cover the whole of the drive sprocket 1 3. 

[0038] Fig. 4 is a side view of a first embodiment of 
the motor-driven assist unit 1 , with parts partially cuta- 
way; Fig. 5 is a sectional view, taken on line A-A of Fig. 
4, showing gear trains; and Fig. 6 is a sectional view, 

35 taken on line B-B of Fig. 4, showing gear trains. In these 
figures, parts being the same as or similar to those 
described above are designated by the same charac- 
ters. 

[0039] Referring to Figs. 4 and 5, a case 1 0 of the 

ao motor-driven assist unit 1 is formed by connecting a left 
half (left case) 10L and a right half (right case) 10R, 
each of which is made from aluminum, to each other by 
means of a plurality of bolts 781 . 
[0040] According to this embodiment, since each of 

45 the hanger portions 90, 91 and 92 has no parting plane, 
the left and right cases 10L and 10R can be separated 
from each other by removing the bolts 781 while the 
motor-driven assist unit 1 Is left mounted on the body 
frame 2. To be more specific, since the hanger portions 

so 90, 91 and 92 are provided only on the left case 1 0L, the 
right case 10R can be removed while the left case 10L 
is left mounted on the body frame 2. As a result, it is 
possible to easily perform the maintenance of a control 
unit 8 and the motor M contained in the case 10 of the 

55 motor-driven assist unit 1. In addition, to perform the 
maintenance of a portion, on the left case 1 0L side, of 
the motor M and its drive system, the inside of the 
motor-driven assist unit 1 may be exposed by removing 
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a resin cover 1 0A to be described later. 
[0041] The crank shaft 101 as a leg-power input 
shaft is rotatably supported by the case 1 0 via bearings 
1 81 and 1 82. A large-diameter acceleration gear 1 1 1 Is 
rotatably supported on the crank shaft 101 via a one- 5 
way clutch 161, and accordingly, even if the crank shaft 
1 01 is reversely rotated, the acceleration gear 1 1 1 is not 
reversely rotated. The first idle shaft 102 for matching 
the rotational direction of the crank shaft 101 with the 
rotational direction of the drive sprocket 13 is rotatably 
supported by the case 1 0 at a position offset rearwardly, 
downwardly from the crank shaft 101. In this embodi- 
ment, the first idle shaft 102 includes the leg-power 
(torque) detecting mechanism. 
[0042] The first idle shaft 102 includes hollow- 
shaped first and second drive shafts 102a and 102b, 
which are separated from each other on the left and 
right sides and coaxially disposed in the transverse 
direction; a torsion bar 102c passing through the drive 
shafts 102a and 102b, with both ends spline-connected 
to the left end of the first drive shaft 102a and the right 
end of the second drive shaft 102b; and a spring 102S 
for elastically biasing the first and second drive shafts 
102a and 102b to each other in the axial direction. A 
small-diameter gear teeth portion 113 formed on an 
small-diameter portion of the outer periphery of the first 
drive shaft 102a is meshed with the acceleration gear 
1 1 1 of the crank shaft 1 01 . The first drive shaft 1 02a is 
rotatably supported by the left case 10L via bearings 
183a and 183b, and the second drive shaft 102b is 
rotatably supported by the right case 10R via a bearing 
184. 

[0043] With this configuration, since a leg-power 
inputted to the crank shaft 101 is accelerated by the 
acceleration gear 111 and the gear teeth portion 113, 
the torque of the leg-power is reduced, with a result that 
a torque applied to the torsion bar 1 02c is reduced. This 
makes it possible to miniaturize the torsion bar 102c, 
and hence to make compact the leg-power detecting 
mechanism as a whole. 

[0044] In this embodiment, to easily handle the first 
idle shaft 102 as a single body by sub-assembling the 
two drive shafts 102a and 102b, and the torsion bar 
1 02c into the first idle shaft 1 02, a clip 771 is fitted at the 
left end of the torsion bar 1 02c for preventing the falling 
of the drive shafts 102a and 102b and components 
associated therewith from the torsion bar 1 02c in a state 
in which the first idle shaft 1 02 is not rotatably supported 
by the case 10. To be more specific, the second drive 
shaft 102b is fixedly pressed in a right end portion of the 
torsion bar 1 02c, and the first drive shaft 1 02a is remov- 
ably inserted on the left end portion of the torsion bar 
1 02c and held thereon by the clip 771 . 
[0045] A first gear 1 02d is fixed to a small-diameter 
portion of the outer periphery of the second drive shaft 
102b, and a second gear 102e is connected to a large- 
diameter portion of the outer periphery of the second 
drive shaft 1 02b via a one-way ratchet 1 62. Accordingly, 



when the bicycle runs by a man-power in a state In 
which the motor M is stopped, the gear 1 02e and com- 
ponents disposed on the motor M side from the gear 
1 02e are not rotated. 

[0046] A slider 921 having at its end surface two 
projecting cam portions 921a is spline-connected to a 
large-diameter portion of the outer periphery of the first 
drive shaft 102a in such a manner as to be slidable in 
the axial direction. A ball cup 924 is engaged with a dis- 
placement detecting lever 152 (see Fig. 6) and is usu- 
ally biased to the second drive shaft 1 02b side by a coil 
spring 923. The ball cup 924 usually pushes the slider 
921 to the second drive shaft 102b while absorbing the 
rotation of the slider 921 . 

[0047] Figs. 10(a) to 10(c) are views illustrating the 
function of the second drive shaft 102b, wherein Fig. 
1 0(a) is a sectional view; Fig. 1 0(b) is a sectional view 
taken on line C-C of Rg. 1 0(a); and Fig. 1 0(c) is a sche- 
matic view with the side surfaces of the end portion of 
the second drive shaft and the slider linearly depicted. 
In these figures, parts being the same as or similar to 
those described above are designated by the same 
characters. 

[0048] In this embodiment, two recessed can 
grooves 922 extending in the circumferential direction, 
which are to be engaged with the two projecting cam 
portions 921a provided on the end surface, opposed to 
the second drive shaft 102b, of the slider 921, are 
formed in an end surface, opposed to the slider 921 , of 
the second drive shaft 102b. 

[0049] When a torsion (differential phase) in the 
rotational direction occurs between the first and second 
drive shafts 102a and 102b in response to a leg-power 
inputted to the crank shaft 1 01 , a differential phase also 
occurs between the second drive shaft 102b and the 
slider 921 . As a result, a position of the projecting cam 
921a relative to the recessed cam groove 922 is 
changed from the relationship shown on the left side of 
Rg. 10(c) to the relationship shown on the right side of 
Rg. 10(c), so that the slider 921 is axially slid to the left 
side of the vehicular body and correspondingly the dis- 
placement detecting lever 1 52 is axially displaced to the 
left side of the vehicular body against the biasing force 
of the coil spring 923. 

[0050] In this embodiment, an axial displacement of 
the displacement detecting lever 152 represents a leg- 
power inputted to the crank shaft 101. The leg-power 
thus detected as the axial displacement by the leg- 
power detecting mechanism Is converted into an elec- 
tric signal by a stroke sensor 1 50 (see Fig. 6), which will 
be described in detail later, and is transmitted to the 
control unit 8. 

[0051] A stopper projection 921 b is provided on an 
end surface of the first drive shaft 102a, and a stopper 
hole 922a to be fitted with the stopper projection 921 b is 
provided in an end surface of the second drive shaft 
102b for preventing occurrence of an excessive torsion 
between the drive shafts 102a and 102b. With this cen- 
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figuration, it is possible to effectively protect the minia- 
turized torsion bar 1 02c and hence to further miniaturize 
the torsion bar 102c. 

[0052] In Figs. 5 and 6, the right side from the tor- 
sion bar 102c shows the state in which the projection 5 
cam 921 a is Just fitted in the recessed cam 922, that is, 
a torque by a leg-power does not occur (equivalent to 
the state shown on the left side of Fig. 10(c)), and the 
left side from the torsion bar 102c shows the state in 
which the slider 921 is moved to the left side of the 
vehicular body by the change in position of the projec- 
tion cam 921a relative to the recessed cam 922, that Is, 
a torque by the leg-power occurs (equivalent to the state 
shown on the right side of Fig. 10(c)). 
[0053] The second idle shaft 103 is rotatably sup- 
ported by the case 1 0 via bearings 1 85 and 1 86 at a 
position offset rearwardly, downwardly from the first idle 
shaft 102. A gear teeth portion 114 to be meshed with 
the second gear 1 02e of the second drive shaft 102b is 
formed on the outer periphery of the second idle shaft 
103, and a resin gear 115 is screwed in an end portion 
of the second idle shaft 1 03. 

[0054] The electric motor M is disposed at a posi- 
tion offset rearwardly, downwardly from the second Idle 
shaft 103, and the rotational shaft 104 thereof is rotata- 
bly supported by the case 1 0 via bearings 1 87 and 1 88. 
In addition, the bearing 187 and a motor housing 10M 
are held only on the left case 10L (not held on the right 
case 10R). Accordingly, in the case of removing the 
right case 10R, it is not required to remove the electric 
motor M. This makes it possible to easily remove the 
right case 10R. 

[0055] The motor housing 10M is fastened to the 
left case 1 0L via an O-ring 1 0S by means of a bolt 782. 
A stator rotor 131 including a motor coil 130 is fixed to 
the rotational shaft 104 of the motor M, and a magnet 
1 32 Is provided around the stator rotor 1 3 1 . A gear teeth 
portion 1 1 6 to be meshed with the resin gear 1 1 5 of the 
second idle shaft 1 03 is fixed to one end of the rotational 
shaft 104. Accordingly, a gear noise between the gears 
115 and 116 rotating at a high speed can be sup- 
pressed. Since the resin cover 1 0A is fastened to the left 
case 10L on the left sides of the gears 115 and 1 16 by 
means of a bolt 783, the noise reduction effect can be 
further enhanced. 

[0056] A water-proof seal 1 0B is provided overall on 
a connection plane between the resin cover 10A and the 
left case 10L. To further enhance the water-proof, a 
water-proof rib 10C Is provided along the outer periph- 
ery of the connection plane between the resin cover 
10A and the left case 10L. Accordingly, the water-proof 
between the resin cover 1 0A and the left case 1 0L can 
be sufficiently ensured even if the resin cover 10A is 
deformed when the resin cover 10A is fastened to the 
left case 1 0L by the bolt 783. 

[0057] Referring to Rg. 6, the output shaft 105 is 
located at a position offset rearwardly, upwardly from 
the first idle shaft 102, and is rotatably supported by the 



unit case 10 via bearings 191 and 192. A fourth gear 
1 1 8 meshed with the first gear 1 02d of the second drive 
shaft 102b is provided on the output shaft 105, and the 
drive sprocket 13 is fixed to an end portion, exposed 
from the case 10, of the output shaft 105. 
[0058] In a front space of the case 1 0, as shown in 
Figs. 3 to 5, a flat-plate shaped control unit 8 for control- 
ling the motor-driven assist unit 1 is mounted at a posi- 
tion offset forwardly, downwardly from the crank shaft 
101. The control unit 8 is configured such that a control 
board 82 is contained in a resin made dish-like case 81 
with a gap therebetween and the board surface molded 
with an insulating resin 83. Various control circuits 820, 
a plurality of power transistors (FETs) 821a, a plurality 
of diodes 821b, and a rotation sensor 822 are mounted 
on the control board 82. The devices 821a and 821b, 
which cause heat generation upon operation thereof, 
are fixedly in area-contact with an aluminum made radi- 
ation plate 829. The radiation plate 829 is fixedly in 
area-contact with the right case 10R made from alumi- 
num. 

[0059] The control unit 8 is tilted downwardly from 
the front to rear of the vehicular body, with the compo- 
nent mounting plane of the control board 82 directed 
inwardly. The rotation sensor B22 is fixed in the vicinity 
of an end of the control board 82 in such a manner as to 
face to the gear teeth portion of the acceleration gear 
1 1 1 of the crank shaft 1 01 . Accordingly, the heat gener- 
ated by the heat generating devices 821a and 821b is 
radiated to the right case 10R, and the rotation sensor 
822 disposed in the vicinity of the left case 10L is not 
affected by the heat generated by the devices 821 a and 
821b. 

[0060] In this way, according to this embodiment, 
since the rotation sensor 822 is provided on the control 
unit 8 and the control unit 8 is disposed such that the 
rotation sensor 822 is disposed in the vicinity of the rotor 
(large-diameter gear 111) rotated in synchronization 
with the crank shaft 101, it is possible to eliminate the 
need of additionally providing a space for the rotation 
sensor 822 and hence to make compact the whole of 
the motor-driven assist unit Further, since a distance 
between the rotation sensor 822 and the control unit 8 
can be reduced to zero, it is possible not only to elimi- 
nate the need of provision of a wiring cord therebetween 
but also to suppress the inclusion of noise in an output 
signal from the rotation sensor 822. 
[0061] Since the control unit 8 is disposed at the 
position offset forwardly, downwardly from the crank 
shaft 101 in the posture in which the motor-driven assist 
unit 1 is mounted to the body frame 2, it is possible to 
enhance an effect of air-cooling the control unit 8 upon 
running of the bicycle, and hence to improve the cooling 
efficiency of the control unit 8. 
[0062] According to this embodiment, since the 
control board 82 is tilted downwardly from the front to 
rear of the body frame 2 in the posture In which the 
motor-driven assist unit 1 is mounted to the body frame 
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2, the control board 82 can be contained In the motor- 
driven assist unit 1 by making effective use of the exist- 
ing Internal space without changing the appearance 
shape of the lower front portion of the motor-driven 
assist unit 1 . in this case, by mounting the control board 
82 in such a manner that the circuit component mount- 
ing plane thereof is directed inwardly, it is possible to 
facilitate the maintenance of the control board 82. 
[0063] A positioning pin 81 1 extending in parallel to 
a bottom surface of the dish-like case 81 projects out- 
wardly from the bottom surface of the dish-like case 81 
at a position corresponding to a rotation sensor mount- 
ing position of the control board 82, and a position hole 
91 1 in which the position pin 81 1 is to be Inserted is 
formed in a portion, facing to the positioning pin 81 1 , of 
the case 1 0. Similarly, a positioning pin 812 extending in 
parallel to a side surface of the dish-like case 81 
projects outwardly from the side surface of the dish-like 
case 81 (see Fig. 4), and a positioning hole 912 in which 
the position pin 812 is to be inserted is formed in a por- 
tion, facing to the positioning pin 812, of the case 10. 
Accordingly, two planes of the control unit 8 can be posi- 
tioned to keep a clearance between the rotation sensor 
822 and the large-diameter gear 111 at a specific value. 
[0064] The control unit 8, that is, the dish-like case 
81 is positioned relative to the case 10 such that when 
the positioning pins 81 1 and 81 2 first comes into contact 
with the entrances of the positioning holes 91 1 and 91 2, 
the rotation sensor 822 does not face to the large-diam- 
eter acceleration gear 111, and thereafter, when the 
pins 81 1 and 812 are started to be inserted in the holes 
911 and 912, the relative positional relationship (facing 
relationship) between the gear teeth portion of the 
acceleration gear 111 and the rotation sensor 822 
becomes a predetermined relationship. Accordingly, in 
the case of fixing the control unit 8 to the case 10, the 
acceleration gear 111 does not interfere with the rota- 
tion sensor 822 disposed close to the acceleration gear 
1 1 1 , so that it is possible to easily assemble the control 
unit 8 In the case 10. 

[0065] As shown in Fig. 5, the control unit 8 is fixed 
to the case 10 by fastening both side portions of an end 
portion, opposed to the end portion on which the rota- 
tion sensor 822 and the positioning pin 81 1 are pro- 
vided, of the dish-like case 81 , to the case 1 0 by means 
of screws 831 (831a and 831b, see Fig. 4). 
[0066] In this way, according to this embodiment, 
since the positioning pins 81 1 and 812 as the position- 
ing means are provided on the control unit 8 and the 
control unit 8 is fixed at the specific position in the 
motor-driven assist unit 1 with its specific posture kept, 
it is possible to keep the relative positional relationship 
between the rotation sensor 822 and the rotor (acceler- 
ation gear 111) at the predetermined relation, and 
hence to ensure the accuracy of detection of the rota- 
tional speed of the rotor. 

[0067] Further, according to this embodiment, since 
one side portion of the control unit 8 is engaged with the 



case 10 of the motor-driven assist unit 1 by the position- 
ing means provided on the one side portion of the con- 
trol unit 8 and the other side portion of the control unit 8 
is fastened to the case 10 by the fastening means, it is 
5 possible to simplify the fastening structure and to 
reduce the number of parts. 

[0068] As shown in Fig. 5, since a power supply ter- 
minal 752 is disposed on an end surface, on the output 
side, of the electric motor M, a power supply cord 751 is 

w required to extend from the output side of the electric 
motor M to the control unit 8. With respect to the exten- 
sion of the power supply cord 751 , since the many gear 
trains are disposed on the output side of the electric 
motor M in the case 1 0, the power supply cord 751 may 

1$ be desirable to extend along the Inner end surface of the 
right case 10R rather than extend along the inner end 
surface of the left case 1 0L. 

[0069] According to this embodiment, a second 
inner wall 754 is additionally provided in such a manner 

20 as to be in parallel to an inner wall 756, disposed adja- 
cently to the motor housing 10M, of the left case 10L, to 
form a space (cord passage) 753 surrounded by the 
inner walls 754 and 756. The power supply cord 751 led 
from the end surface, on the output side, of the electric 

25 motor M extends to the inner end surface of the right 
case 10R through the cord passage 753, and further 
extends to the control unit 8 along the Inner end surface 
of the right case 10R. 

[0070] With this configuration, since the power sup- 
30 ply cord 751 extends, in the unit case 1 0, from the inner 
end surface side of the left case 10L to the inner end 
surface of the right case 1 0R through the cord passage 
753, the power supply cord 751 does not interfere with 
the gear trains and the other components. 
35 [0071] Further, according to this embodiment, to 
restrict the power supply cord 751 on the inner end sur- 
face of the right case 10R, a damper 755 Is provided in 
such a manner as to cross between bearing bosses 749 
and 748 erected on the inner end surface of the right 
40 case 1 0R for supporting the bearings 1 84 and 1 85. The 
power supply cord 751 is made to pass through a pas- 
sage surrounded by the bosses 749 and 748 and the 
damper 755, to be thus clamped, in this way, by provid- 
ing the damper 755 in such a manner that it crosses 
45 between the existing bosses 749 and 749, it is possible 
to certainly clamp the power supply cord 751 with a sim- 
ple structure. 

[0072] According to the motor-driven assist unit 
configured as described above, a leg-power as a man- 
so power is inputted to the crank shaft 101 via the pedals 
12 and the cranks 11, and Is transmitted from the first 
drive shaft 102a to the second drive shaft 102b of the 
first idle shaft 1 02 via the acceleration gear 1 1 1 . On the 
other hand, a rotational torque of the electric motor M is 
55 transmitted to the second drive shaft 102b via the gear 
1 15, second idle shaft 1 03, gear teeth portion 1 1 4, and 
second gear 102e, and is synthesized with the leg- 
power on the second drive shaft 102b. The resultant 
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power on the second drive shaft 102b is transmitted to 
the output shaft 1 05 via the first gear 1 02d and fourth 
gear 118, and Is further transmitted to the rear wheel 
WR via the drive sprocket 13 and chain 6. 
[0073] Here, as shown in Fig. 6, an approximately 5 
central portion of a displacement detecting lever 152 
with its one end swlngably supported by a pin 153 is 
engaged with the ball cup 924 of the first idle shaft 1 02, 
and a stroke detecting shaft 151 of the stroke sensor 
1 50 fixed to the right case 1 0R is connected to the other 10 
end of the displacement detecting lever 152. Accord- 
ingly, when a differential phase occurs between the first 
and second drive shafts 102a and 102b of the first idle 
shaft 102 in response to a leg-power inputted to the 
crank shaft 1 01 , the ball cup 924 is axially displaced in is 
accordance with the differential phase. The displace- 
ment detecting lever 152 is swung by the axial displace- 
ment of the ball cup 924, and the swing motion of the 
lever 152 is transmitted to the stroke sensor 150. In this 
way, the ieg-power inputted to the crank shaft 101 is 20 
detected by the stroke sensor 1 50. 
[0074] Hie detected leg-power Is converted into an 
electric signal, which is then supplied to the control unit 
8. The control unit 8 determines a most suitable assist 
torque on the basis of a rotational speed of the crank 25 
shaft (acceleration gear 111) detected by the rotation 
sensor 822 and the above-described leg-power, and 
controls, by the power transistors 821a, a drive current 
to be supplied to the electric motor M at such a value as 
to allow the electric motor M to generate the above 30 
assist-power. 

[0075] According to this embodiment, since the leg- 
power detecting mechanism for converting a leg-power 
inputted to the crank shaft 101 into a mechanical dis- 
placement is provided on the first idle shaft 102 adja- 35 
cent to the crank shaft 1 01 , it is possible to eliminate the 
need of provision of a space which Is required if the leg- 
power detecting mechanism is provided independently 
from the first idle shaft 102, and hence to ensure a 
space required for disposing the control unit 8 in the ao 
case 10 of the motor-driven assist unit 1 without 
enlargement of the case 10 of the motor-driven assist 
unit 1. 

[0076] According to this embodiment, since the 
second drive shaft 102b is usually biased to the right 45 
case 1 0R side (bearing 1 84 side) by the spring 1 02s to 
be positioned, the axial position of the recessed cam 
groove 922 formed in the end surface of the second 
drive shaft 102b is also positioned relative to the right 
case 10R, and further, since the stroke sensor 150 is so 
fixed to the boss provided on the right case 10R, it is 
accurately positioned relative to the right case 10R. 
[0077] Here, as described above, according to this 
embodiment, a displacement of the first drive shaft 1 02a 
relative to the second drive shaft 102b is detected as a 55 
leg-power by the stroke sensor 150, and therefore, if a 
relative positional difference occurs between the sec- 
ond drive shaft 102b and the stroke sensor 150, it 



becomes impossible to accurately detect the leg-power. 
According to this embodiment, however, since the sec- 
ond drive shaft 102b and the stroke sensor 150 are 
positioned relative to the same member (right case 
10R) as described above, the relative positional rela- 
tionship between the second drive shaft 1 02b and the 
stroke sensor 150 can be usually kept constant, with a 
result that It is possible to accurately detect the leg- 
power. 

[0078] Rg. 7 is a side view of a second embodiment 
of the motor-driven assist unit 1 , with parts partially cut- 
away; Rg. 8 is a sectional view, taken on line B-B, show- 
ing gear trains; and Rg. 9 is a sectional view, taken on 
line A-A, showing gear trains. In these figures, parts 
being the same as or similar to those described above 
are designated by the same characters. 
[0079] According to the first embodiment, an assist- 
power generated by the drive motor M is transmitted to 
the first idle shaft 102 via the second idle shaft 103, 
being synthesized with a leg-power on the first idle shaft 
1 02, and is transmitted to the output shaft 1 05; however, 
according to the second embodiment, an assist-power 
generated by a drive motor M is directly transmitted to 
an output shaft 1 05 via a second idle shaft 1 03. 
[0080] To be more specific, an assist-power gener- 
ated by a rotational shaft 104 of the drive motor M is 
transmitted to the second idle shaft 1 03 via a resin gear 
1 1 5. A gear teeth portion 1 03a meshed with a gear 1 1 9 
of the output shaft 105 is formed on the second idle 
shaft 1 03. The assist-power, having been transmitted to 
the second idle shaft 103, is transmitted to the output 
shaft 105 via the gear teeth portion 103a and the gear 
119. 

[0081] On the other hand, a leg-power inputted to a 
crank shaft 1 01 is transmitted to a first idle shaft 1 02 via 
an acceleration gear 1 1 1 , the second idle shaft 1 03, and 
a gear teeth portion 1 13 of a first drive shaft 102, and is 
further transmitted to the output shaft 105 via a gear 
teeth portion of a second drive shaft 102b and a fourth 
gear 1 1 8 of the output shaft 1 05. The leg-power Is syn- 
thesized with the assist-power on the output shaft 1 05. 
[0082] In this way, according to this embodiment, 
since an assist-power generated by the electric motor M 
is directly transmitted to the output shaft 1 05, it is possi- 
ble to reduce the number of gears provided on the first 
idle shaft as compared with the above embodiment in 
which the first idle shaft is used as a synthesizing shaft. 
This is effective to increase the occupied space of a leg- 
power detecting mechanism on the first idle shaft and 
hence to increase the degree of freedom in design. 
[0083] Referring again to Rg. 1 , an embodiment of 
the control unit of the motor-driven assist unit of the 
present invention will be described. 
[0084] The configuration common to that of the 
embodiment of the above-described control board is 
omitted. 

[0085] In this embodiment, since the connection 
portion between the down pipe 22 and the seat post 23 
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is laid out in front of the motor-driven assist unit 1, the 
motor-driven assist unit 1 can be disposed at a lower 
position, with a result that the center of gravity of the 
bicycle can be lowered. Further, since the height of the 
bottom of the body frame 2 can be lowered, the ease of 5 
the rider's striding action across the body frame 2 can 
be improved. 

[0086] A handle 41 is mounted on an end portion 
(upper end in Fig. 1) of the battery 4 in the longitudinal 
direction in such a manner as to be offset on the right 
side of the vehicular body (rotational shaft 41 a is on the 
left side of the vehicular body) as shown in Fig. 13. 
[0087] The handle 41 is turnably mounted, and is 
usually fallen on the battery 4. Since a rider generally 
stands on the left side of the vehicular body, the handle 
41 is disposed on the right side of the vehicular body 
and the rotational shaft 41a thereof is disposed on the 
left side of the vehicular body. With this configuration, 
the handle 41 is easy to be raised. 
[0088] A residual power meter 42 is provided on an 
upper surface, on which the handle 41 is provided, of 
the battery 4. A residual power is indicated when a push 
button 43 is depressed. To allow a rider to easily check 
the residual power meter 42 from above a rear portion 
of the seat 30, the residual power meter 42 is mounted 
to a plane shown by an arrow in Fig. 1 2, of the battery 4. 
With this arrangement of the residual power meter 42, a 
rider can check the residual power from above In a 
standing state. 

[0089] In addition, according to this embodiment, 
unlike a usual bicycle, the drive sprocket is offset from 
the root of the crank shaft 101; however, to ensure a 
good external appearance, prevent the catch of a rider's 
leg by the crank shaft 1 01 , and protect the motor-driven 
assist unit 1, a front portion of the chain cover 32 is 
formed into an approximately circular shape around the 
crank shaft 1 01 . As a result, as shown in Fig. 1 , the front 
portion of the chain cover 32 covers the drive sprocket 
as if the drive sprocket is connected to the root of the 
crankshaft 101. 

[0090] In a front space of the case 1 0, as shown in 
Fig. 5, a control unit 8 for controlling the motor-driven 
assist unit 1 is mounted at a position offset forwardly, 
downwardly from the crank shaft 1 01 . The control unit 8 
is configured such that a control circuit board 82 is con- 
tained in a resin made dish-like case 81 with a gap ther- 
ebetween and the board surface molded with an 
insulating resin 83. Various control circuits 820, a plural- 
ity of power transistors (FETs) 821a, a plurality of 
diodes 821 b (see Fig. 1 6), and a rotation sensor 822 are 
mounted on the control circuit board 82. The devices 
821a and 821b, which cause heat generation upon 
operation thereof, are fixedly in area-contact with an 
aluminum made radiation plate 829. The rotation sensor 
822 is fixed in the vicinity of ah end of the control circuit 
board 82 in such a manner as to face to the gear teeth 
portion of the acceleration gear 1 1 1 of the crank shaft 
1 01 . Accordingly, the heat generated by the heat gener- 



ating devices 821a and 821b is radiated to the right 
case 1 0R, and the rotation sensor 822 disposed in the 
vicinity of the left case 10L is not affected by the heat 
generated by the devices 821a and 821b. 
[0091] in this way, according to this embodiment, 
since the rotation sensor 822 is provided on the control 
unit 8 and the control unit 8 is disposed such that the 
rotation sensor 822 is disposed in the vicinity of the rotor 
(large-diameter gear 111) rotated in synchronization 
with the crank shaft 101, it is possible to eliminate the 
need of additionally providing a space for the rotation 
sensor 822 and hence to make compact the whole of 
the motor-driven assist unit Further, since a distance 
between the rotation sensor 822 and the control unit 8 
can be reduced to zero, it is possible to suppress the 
inclusion of noise in an output signal from the rotation 
sensor 822. 

[0092] Since the control unit 8 is disposed at the 
position offset forwardly, downwardly from the crank 
shaft 1 01 in the posture in which the motor-driven assist 
unit 1 is mounted to the body frame 2, it is possible to 
enhance an effect of air-cooling the control unit 8 upon 
running of the bicycle, and hence to improve the cooling 
efficiency of the control unit 8. 
[0093] A positioning pin 81 1 extending in parallel to 
a bottom surface of the dish-like case 81 projects out- 
wardly from the bottom surface of the dish-like case 81 
at a position corresponding to a rotation sensor mount- 
ing position of the control board 82, and a position hole 
91 1 in which the position pin 81 1 is to be inserted is 
formed in a portion, facing to the positioning pin 81 1 , of 
the case 10. Similarly, a positioning pin 812 extending in 
parallel to a side surface of the dish-like case 81 
projects outwardly from the side surface of the dish-like 
case 81 (see Fig. 4), and a positioning hole 91 2 in which 
the position pin 812 is to be inserted is formed in a por- 
tion, facing to the positioning pin 812, of the case 10. 
Accordingly, two planes of the control unit 8 can be posi- 
tioned to keep a clearance between the rotation sensor 
822 and the large-diameter gear 1 1 1 at a specific value. 
[0094] The control unit 8, that is, the dish-like case 
81 is positioned relative to the case 1 0 such that when 
the positioning pins 81 1 and 812 first comes into contact 
with the entrances of the positioning holes 91 1 and 912, 
the rotation sensor 822 does not face to the large-diam- 
eter acceleration gear 111, and thereafter, when the 
pins 81 1 and 812 are started to be inserted in the holes 
911 and 912, the relative positional relationship (facing 
relationship) between the gear teeth portion of the 
acceleration gear 111 and the rotation sensor 822 
becomes a predetermined relationship. 
[0095] As shown in Fig. 5, the control unit 8 is fixed 
to the case 1 0 by fastening both side portions of an end 
portion, opposed to the end portion on which the rota- 
tion sensor 822 and the positioning pin 811 are pro- 
vided, of the dish-like case 81 , to the case 1 0 by means 
of screws 831 (831a and 831b, see Fig. 4). 
[0096] In this way, according to this embodiment, 



15 



20 



25 



30 



35 



40 



45 



50 



11 



21 

since the positioning pins 81 1 and 812 as the position- 
ing means are provided on the control unit 8 and the 
control unit 8 is fixed at the specific position in the 
motor-driven assist unit 1 with its specific posture kept, 
it is possible to keep the relative positional relationship 5 
between the rotation sensor 822 and the rotor (acceler- 
ation gear 111) at the predetermined relation, and 
hence to ensure the accuracy of detection of the rota- 
tional speed of the rotor. 

[0097] Further, according to this embodiment, since 
one side portion of the control unit 8 is engaged with the 
case 10 of the motor-driven assist unit 1 by the position- 
ing means provided on the one side portion of the con- 
trol unit 8 and the other side portion of the control unit 8 
Is fastened to the case 1 0 by the fastening means, it is 
possible to simplify the fastening structure and to 
reduce the number of parts. 

[0098] The detected leg-power is converted into an 
electric signal, which is then supplied to the control unit 
8. The control unit 8 determines a most suitable assist 
torque on the basis of a rotational speed of the crank 
shaft (acceleration gear 111) detected by the rotation 
sensor 822 and the above-described leg-power, and 
controls, by the power transistors 821a, a drive current 
to be supplied to the electric motor M at such a value as 
to allow the electric motor M to generate the above 
assist-power. 

[0099] According to this embodiment, since the leg- 
power detecting mechanism for converting a leg-power 
inputted to the crank shaft 101 Into a mechanical dis- 
placement is provided on the first idle shaft 1 02 adja- 
cent to the crank shaft 1 01 , it is possible to eliminate the 
need of provision of a space which is required if the leg- 
power detecting mechanism is provided independently 
from the first idle shaft 102, and hence to ensure a 
space required for disposing the control unit 8 in the 
case 10 of the motor-driven assist unit 1 without 
enlargement of the case 10 of the motor-driven assist 
unitl. 

[0100] Rg. 11 is a side view showing the motor- 
driven assist unit 1, the battery housing case 5, and 
their neighborhoods of the motor-assisted bicycle. In 
this figure, for an easy understanding, the chain cover 
32, pedals 12, and the like are omitted. 
[0101] An electrode socket 701 is mounted on an 
upper portion of the motor-driven assist unit 1 in the 
state in which the motor-driven assist unit 1 is mounted 
on the body frame, and electrodes 711 and 712 are 
exposed from an upper surface of the electrode socket 
701. Lead wires (not shown) of the electrodes 711 and 
712, which pass through the case of the motor-driven 
assist unit 1 , are connected to the electric motor M, con- 
trol unit 8, and the like in the motor-driven assist unit 1 . 
[0102] The battery housing case 5 formed into a 
cylindrical shape is mounted on the back surface of the 
seat post 23 in such a manner that a skirt portion 5a 
provided on the bottom of the battery housing case 5 
strides across a bracket 49 for connecting the seat post 
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23 to the chain stays 25. "me electrodes 71 1 and 712 of 
the electrode socket 701 appear on the inner bottom of 
the skirt portion 5a. A bottom surface of the battery 4 
has contacts (not shown) which are brought into contact 
with and electrically connected to the electrodes 71 1 
and 712 when the battery 4 is housed in the battery 
housing case 5. 

[0103] The battery 4 is pushed down to be Inserted 
in the battery housing case 5 and is pulled up to be 
removed from the battery housing case 5; however, 
since the seat 30 is present in the insertion/removal 
path of the battery 4 in/from the battery housing case 5, 
the battery 30 cannot be inserted in and removed from 
the battery housing case 5 unless the seat 30 Is shifted 
from the above path. According to this embodiment, as 
shown in Fig. 7, upon insertion/removal of the battery 4 
in/from the battery housing case 5, a seat lock lever 301 
supported by a shaft 302 Is swung forwardly around the 
shaft 302 with respect to a seat bracket 304 provided on 
an upper end of a seat pipe 31 , to release the engage- 
ment between a seat lock hook 301 a and a hole 304a of 
the seat bracket 304. As a result, the seat bracket 304 is 
popped up forwardly around a shaft 303 by an elastic 
force of a spring 305 compressed between a seat lock 
lever 301 and the seat bracket 304. In such a state, the 
seat 30 can be manually raised, to thus ensure the 
insertion/removal path of the battery 4 in/from the bat- 
tery housing case 5. 

[0104] Locking means 501 is provided at an upper 
rear portion on the left side surface of the battery hous- 
ing case 5. In the locking state, a locking pin 501a 
projects in the housing case 5 to be engaged in a recess 
4a of the battery 4, whereby the removal of the battery 
4 from the battery housing case 5 is prohibited. 
[0105] According to this embodiment, the battery 4 
can be removed from the battery housing case 5 by 
rotating the locking means 501 with a key of the power 
supply switch 29 to retreat the locking pin 501a. The 
locking pin 501a is usually biased in a projecting state, 
and when the battery 4 is inserted In the battery housing 
case 5, the pin 501 a is retreated to an unlock state, and 
after the insertion of the battery 4 is completed, the pin 
501a is engaged in the recess 4a, whereby the battery 
4 is locked with the locking means 501 . 
[0106] Another embodiment of the present inven- 
tion will be described below. Fig. 14 is a side view of a 
third embodiment of a motor-assisted bicycle to which a 
motor-driven assist unit of the present invention is 
applied, in which parts being the same as or similar to 
those described above are designated by the same 
characters. 

[01 07] A body frame 2 in this embodiment is config- 
ured such that frame members thereof are connected to 
each other via a motor-driven assist unit 1. Since the 
motor-driven assist unit 1 constitutes part of the body 
frame 2, the weight of the frame members can be 
reduced, and since the motor-driven assist unit 1 can be 
disposed at a low position, the ease of the rider's strid- 
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ing action across of the body frame 2 can be improved. 
[0108] A down pipe 22 is directly connected to the 
motor-driven assist unit 1 via hanger portions 661 and 
662 provided on a front portion of the motor-driven 
assist unit 1 . A seat post 23 is connected to chain stays 
25 via a bracket 28, and the bracket 28 is connected to 
the motor-driven assist unit 1 via hanger portions 663 
and 664 provided on an upper rear portion of the motor- 
driven assist unit 1. With this configuration, since the 
motor-driven assist unit 1 serves as a reinforcing mem- 
ber for connecting respective frame members to each 
other, it is possible to realize a lightweight, highly rigid 
vehicular body. 

[0109] The motor-driven assist unit 1 has at its 
upper portion a battery mounting plane 401 which is 
perpendicular to the seat post 23 in a posture of the 
motor-driven assist unit mounted on the body frame, 
and a contact holder 860 to be described later) is pro- 
vided on the battery mounting plane 401. Various termi- 
nals (contacts) for external connection are formed on 
the contact holder 860. A battery housing case 51 is 
mounted on the battery mounting plane 401 in such a 
manner that a side surface of the housing case 51 faces 
to the seat post 23. Contacts 851 (851a, 851b) and the 
like project from the motor-driven assist unit 1 , and pass 
through the contact holder 860 and a bottom surface of 
the battery housing case 51 to be exposed in the battery 
housing case 51. 

[0110] Fig. 1 5 is a top view showing an inner bottom 
portion of the battery housing case 51. The contact 
holder 860 is formed on the battery mounting plane 401 , 
and a pair of positive and negative contacts 851a and 
851b and a grommet 852 for transmission of control sig- 
nals such as a switching signal, a sensor signal, and the 
like to or from a control unit 8 are held on the contact 
holder 860. A bottom surface of the battery 44 is pro- 
vided with contacts, which are brought into contact with 
and electrically connected to the electrodes 851a and 
851 b when the battery 44 is housed in the battery hous- 
ing case 51 , and with a socket (not shown) connected to 
the grommet 852. 

[0111] Fig. 16 is a side view of the motor-driven 
assist unit 1, with parts partially cutaway, and Fig. 17 is 
a sectional view taken on line A-A of Fig. 16, showing 
gear trains. In these figures, parts being the same as or 
similar to those described above are designated by the 
same characters. 

[0112] A crank shaft 201 includes a leg-power 
detecting mechanism, and one end of the crank shaft 

201 is rotatabiy supported by a case 10 via a bearing 

281. A first drive gear 202 Is fitted around the outer 
periphery of the other end of the crank shaft 201 via 
needle bearings 291 and 292, and the first drive gear 

202 is rotatabiy supported by the vase 1 0 via a bearing 

282. A pedal sprocket 200 is spline-connected to the 
outer periphery of a portion, exposed from the case 10, 
of the first drive gear 202, and is fastened thereto by 
means of a nut 



[0113] A second drive gear 203 is mounted to an 
approximately central portion of the crank shaft 201 via 
a one-way clutch 261 . The first and second drive gears 
202 and 203 are relatively rotatabiy connected to each 

5 other via a coil spring 204 exhibiting an elastic force in 
the circumferential direction. A slider 205 having a 
groove in the circumferential direction is axially slidably 
spline-connected to a small-diameter portion formed on 
the outer periphery of the second drive gear 203. The 

to depth of the groove formed in the slider 205 is continu- 
ously changed In the circumferential direction. An 
engagement pin 271 , which is fixed on the outer periph- 
ery of the first drive gear 202, is engaged in the groove 
of the slider 205. 

is [0114] A first idle shaft 210 is located behind the 
crank shaft 201 , and is rotatabiy supported by bearings 
284 and 285. A gear teeth portion 262 formed on the 
outer periphery of the first idle shaft 21 0 is meshed with 
the first drive shaft 202 of the crank shaft 201. A gear 

20 264 is connected to the first idle shaft 21 0 via a one-way 
ratchet 263. 

[01 15] A second idle shaft 220 is located behind the 
first idle shaft 210, and is rotatabiy supported by bear- 
ings 286 and 287. A gear teeth portion 265 formed on 
25 the outer periphery of the second idle shaft 220 is 
meshed with the gear 264 of the first idle shaft 210. A 
resin gear 266 is connected to one end of the drive shaft 
220. 

[01 16] A rotational shaft 230 of an electric motor M 
30 is located above the second idle shaft 220, and is rotat- 
abiy supported by bearings 288 and 289. A rotor 231 is 
fixed to the rotational shaft 230, and a stator 232 is pro- 
vided around the rotor 231. A gear teeth portion 276, 
which is formed on one end of the rotational shaft 230, 
35 is meshed with a resin gear 266 of the second idle shaft 
220. 

[0117] With this configuration, a leg-power as a 
man-power is inputted in the crank shaft 201 via pedals 
1 2 and cranks 1 1 to rotate the second drive gear 203 via 

40 the one-way clutch 261 in synchronization with the 
crank shaft 201, and is simultaneously transmitted to 
the first drive gear 202 via the spring 204. 
[0118] On the other hand, a rotational torque 
(assist-power) of the electric motor M is transmitted to 

45 the first idle shaft 210 via the gear teeth portion 267, 
gear 266, second idle shaft 220, and one-way ratchet 
263, and is further transmitted to the first drive gear 202 
via the gear teeth portion 262. A resultant power of the 
leg-power and assist-power transmitted to the first drive 

so gear 202 is transmitted to a rear wheel WR via a pedal 
sprocket 200 and a chain 6. 

[01 19] At this time, the spring 204 is compressed in 
the circumferential direction in response to the leg- 
power inputted to the crank shaft 201, to allow the drive 
55 gears 202 and 203 to be relatively rotated, thereby 
causing a differential phase therebetween. As a result, 
the engagement pin 205 is turned in the groove of the 
slider 205, and the slider 205 is axially slid on the crank 
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shaft 201 against the elastic force of a spring 260 to an 
extent equivalent the depth of the groove which is 
changed depending on the turned amount of the 
engagement pin 205. The axial sliding motion of the 
slider 205 displaces a detecting shaft 151 of a stroke 
sensor 150 via a displacement detecting lever 152, 
whereby the leg-power is detected by the stroke sensor 
150. 

[0120] As shown in Fig. 18, a control unit 8 is dis- 
posed on the inner surface (back surface) of a battery 
mounting plane 401. The control unit B is configured 
such that a control circuit board 82 is contained in a 
dish-like case 61 and a gap therebetween and a board 
surface are molded with an insulating resin 83. Various 
control circuits 820 power transistors 821a and diodes 
821b, and a rotation sensor 822 are mounted on the 
control circuit board 82. The power transistors 821 a and 
diodes 821b are fixedly in area-contact with a radiation 
plate 829. 

[0121] The rotation sensor 822 is fixed to a portion, 
near an end portion, of the control circuit board 82 in 
such a manner as to face to a gear teeth portion of the 
first drive gear 202 of the crank shaft 201 . Like the pre- 
vious embodiment, a positioning pin Is formed on the 
dish-like case B1 , and the corresponding position hole is 
formed in a case 1 0R. 

[0122] The control unit 8 is positioned with respect 
to the case 10 so that when the positioning pin is 
inserted in the position hole, the rotation sensor 822 is 
fixed to a specific position of the control circuit board 82 
while keeping a specific height to thereby establish a 
predetermined relative positional relationship with the 
gear teeth portion of the first drive gear 202. 
[0123] As shown in Fig. 12, the control unit 8 is 
mounted to the case 10 by fastening both sides of an 
end portion, opposed to the end portion on which the 
rotation sensor 822 is provided, of the dish-like case 81 
(see Fig. 16) to the left case 10L by means of screws 
831. 

[0124] According to this embodiment, since the 
external electrodes are integrally provided on the outer 
surface of the case of the motor-driven assist unit 1 , the 
battery 44 can be directly disposed on the motor-driven 
assist unit 1. As a result, it is possible to shorten a 
power supply line between the motor-driven assist unit 1 
and the battery 44. 

[0125] Further, according to this embodiment, since 
the leg-power detecting mechanism is provided on the 
crank shaft 201, It is possible to eliminate the need of 
ensuring a space which is required if the mechanism is 
provided separately from the crank shaft 201. As a 
result, it is possible to ensure a space required for dis- 
posing the control unit 8 without enlargement of the 
motor-driven assist unit 1 . 

[0126] In summary it Is an object to provide a 
motor-driven assist unit capable of enhancing the cool- 
ing performance of a control board contained In the unit 
and also of lowering the center of gravity of the unit, and 



to provide a motor-driven assist unit capable of contain- 
ing a control unit without enlargement of the motor- 
driven assist unit, and shortening the lengths of a signal 
line and a power supply line. 

5 To achieve this, a motor-driven assist unit 1 contains an 
electric motor M for generating an assist-power in 
response to a leg-power inputted to a crank shaft and a 
control board 82 or control unit 8 for controlling the elec- 
tric motor M, wherein the assist-power and the leg- 

w power are synthesized and the resultant power is trans- 
mitted to a drive wheel. The motor-driven assist unit is 
characterized in that the control board 82 is located at a 
position offset forward ly, downwardly from the crank 
shaft 101 in a posture of the motor-driven assist unit 1 

75 mounted on a body frame 2, and that at least a rotation 
sensor 822 for detecting the rotational speed of the 
crank shaft 1 01 is mounted on the control board 82, and 
the control board 82 is disposed near a rotor 1 1 1 rotated 
in synchronization with the crank shaft 101 in such a 

20 manner that a positional relationship between the rota- 
tion sensor 822 and the rotor 1 1 1 is kept at a predeter- 
mined relation. 

Claims 

25 

1. A motor-driven assist unit, which contains an elec- 
tric motor (M) for generating an assist-power in 
response to a leg-power inputted to a crank shaft 
(101) and a control board (82) for controlling said 
30 electric motor (M), wherein said assist-power and 
said leg-power are synthesized and the resultant 
power is transmitted to a drive wheel (3), character- 
ized in that 

35 said control board (82) is located at a position 

offset forwardly, downwardly from said crank 
shaft (101) in a posture of said motor-driven 
assist unit (1) mounted on a body frame (2). 

40 2. A motor-driven assist unit according to claim 1, 
wherein said control board (82) is tilted downwardly 
from the front to rear of said body frame (2) in the 
posture of said motor-driven assist unit (1) mounted 
on said body frame (2). 

45 

3. A motor-driven assist unit according to claim 1 or 2, 
wherein said control board (82) is disposed with its 
circuit part mounting plane directed inwardly. 

50 4. A motor-driven assist unit according to any one of 
claims 1 to 3, wherein said body frame (2) com- 
prises: 

a main frame (22) extending rearwardly, down- 
55 wardly and being at its lower portion curved in 

a downwardly projecting shape; and 
a seat post (23) branched from a portion, near 
a rear end, of said main frame (22) and extend- 
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ing rearwardly, upwardly therefrom; 
wherein said motor-driven assist unit (1) is 
mounted to said body frame (2) such that a 
front portion of said unit is connected to a rear 
end portion of said main frame (22) at a posi- 5 
tion lower than said crank shaft (101) and an 
upper portion of said unit (1) is connected to 
and suspended from said seat post (23). 

5. A motor-driven assist unit according to claim 4, 10 
wherein said electric motor (M) is disposed behind 
said crank shaft (1 01 ) in the posture of said motor- 
driven assist unit (1) mounted on said body frame 
(2), and a battery (4) for supplying a power to said 
electric motor (M) Is mounted on said motor-driven 15 
assist unit (1) along the back surface of said seat 
post (23). 

6. A motor-driven assist unit according to claim 1, 
wherein at least a rotation sensor (822) for detect- 20 
ing the rotational speed of said crank shaft (101) is 
mounted on said control board (82); and 

said control board (82) is disposed near a rotor 
(111) rotated in synchronization with said crank 25 
shaft (101) in such a manner that a positional 
relationship between said rotation sensor (822) 
and said rotor (1 1 1) is kept at a predetermined 
relation. 

30 

7. A motor-driven assist unit according to claim 6, 
wherein said control board comprises: 

positioning means (811,911:812,912) for posi- 
tioning said control board (8) with respect to 35 
said motor-driven assist unit (1) so that a rela- 
tive positional relationship between said rota- 
tion sensor (822) and said rotor (1 1 1) is kept at 
a predetermined relationship. 

40 

8. A motor-driven assist unit according to claim 7, 
wherein said rotation sensor (822) and said posi- 
tioning means (811,911;812,912) are disposed 
near one side portion of said control board (82); 
and 45 

said control board (82) is engaged, at said one 
side portion, with said motor-driven assist unit 
(1) by said positioning means 
(811,911;812,912), and is fastened, at the so 
other side portion, to said motor-driven assist 
unit (1) by fastening means (831). 



an idle shaft (102) having a small-diameter 
gear (113) meshed with said large-diameter 
gear (111), said idle shaft (1 02) being disposed 
in parallel to said crank shaft (101); 
an output shaft (105) disposed in parallel to 
said idle shaft (102) and meshed therewith; 
connecting means (6) for connecting said out- 
put shaft (105) to a drive wheel (WR); and 
leg-power detecting means (924,152,150) for 
detecting a leg-power inputted to said crank 
shaft (1 01), said means being provided on said 
idle shaft (102); 

wherein said rotation sensor (622) is disposed 
near said large-diameter gear (111) for detect- 
ing the rotational speed of said large-diameter 
gear (111). 

10. A motor-driven assist unit according to claim 9, 
wherein said leg-power detecting means 
(924,152,150) contains a sensor (150), fixed on an 
inner wall of a case (10R) of said motor-driven 
assist unit (1), for outputting an electric signal in 
response to a leg-power. 

11. A motor-driven assist unit containing an electric 
motor (M) for generating an assist-power in 
response to a leg-power inputted to a crank shaft 
(101) and a control unit (8) therefor, wherein said 
assist-power and said leg-power are synthesized 
and the resultant power is transmitted to a drive 
wheel (WR), characterized in that 

said motor-driven unit (1) comprises: 
positive and negative contacts (851) fixed to 
one principal plane of said unit case (10) in an 
exposed state; and 

a power supply line (751) for electrically con- 
necting, inside said unit case (1 0), said positive 
and negative contacts (851) to said electric 
motor (M); 

wherein a battery (4) for supplying a power to 
said electric motor (M) is mounted on said prin- 
cipal plane, on which said positive and negative 
contacts (851 ) are fixed in the exposed state, of 
said unit case (1 0), to be electrically connected 
to said positive and negative contacts (851). 

12. A motor-driven assist unit according to claim 11, 
wherein said control unit (8) is disposed above said 
crank shaft (101) in a posture of said motor-driven 
assist unit (1) mounted to a body frame (2). 



9. A motor-driven assist unit according to claim 6, fur- 
ther comprising: 55 

a large-diameter gear, as a rotor (111), pro- 
vided on said crank shaft (1 01 ); 
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